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Abstract Many diverse species yawn, suggesting ancient evolutionary roots. While
yawning is widespread, the observation of contagious yawning is most often limited to
apes and other mammals with sophisticated social cognition. This has led to speculation
on the adaptive value of contagious yawning. Among this speculation are empirical and
methodological assumptions demanding re-examination. In this paper we dem-
onstrate that if yawns are not contagious, they may still appear to be so by way
of a perceptual pattern-recognition error. Under a variety of conditions (includ-
ing the assumption that yawns are contagious) we quantify (via models) the
extent to which the empirical literature commits Type-1 error (i.e., incorrectly
calling a spontaneous yawn ‘contagious’). We report the results of a pre-
registered behavioural experiment to validate our model and support our criti-
cisms. Finally, we quantify – based on a synthesis of behavioural and simulated data –
how ‘contagious’ a yawn is by describing the size of the influence a ‘trigger’ yawn has
on the likelihood of a consequent yawn. We conclude by raising a number of empirical
and methodological concerns that aid in resolving higher-order questions regarding the
nature of contagious yawning, and make public our model to help aid further study and
understanding.
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Introduction
When Provine (1986) initiated modern academic interest in contagious yawning his interest
was in whether the yawnwas a human releasing stimulus, a stimulus which, when observed
by another, ‘releases’ or elicits unlearned behaviour (Thorpe 1963; Yoon and Tennie 2010;
Zentall 2001). The yawn seemed a likely candidate at a time when few examples had been
previously identified in humans (Eibl-Eibesfeldt 1975). Provine established the standard
protocol for the observation of yawns: show participants videos (or audio, or written
descriptions) of yawns for several minutes and count the number of yawns observed.
Then compare this number to the number of yawns observed when participants are exposed
to other, equally identifiable stereotypic motor patterns (such as hiccups, sneezes, or
laughter). On the face of it, the observation that yawns are contagious was reasonable, with
written descriptions dating back at least as far as 300 BCE (Zimara 1580). Provine’s interest
was what yawning, as a releasing stimulus, revealed about our neurology and our evolu-
tionary history, an interest that has continued to this day (for reviews see: Gallup 2011;
Guggisberg et al. 2010, Guggisberg et al. 2011).
In the ethological literature (distinct from the medical literature), a contagion is a short-
term spread of a species-specific behaviour aroused by a specific stimulus (often behaviour)
expressed in others in a coordinated manner (Armstrong 1951; Thorpe 1963; Yoon and
Tennie 2010; Zentall 2001). Examples may include mating displays, formidability displays,
and flocking behavior. A contagious response is a very low-level cognitive response
contingent primarily upon one’s perception of the stimuli. And yet, perception is a necessary
but not sufficient explanation: it is known that yawn contagion is primarily a function of
social considerations.We are far more likely to yawn to close family and friends, thanwe are
to strangers or acquaintances (Demuru and Palagi 2012; Norscia and Palagi 2011); indeed,
empathy, theory of mind, self-awareness, and psychopathy-related traits are all associated
with one’s tendency to yawn contagiously (Bartholomew and Cirulli 2014; Norscia et al.
2016; Palagi et al. 2009; Platek et al. 2003; Rundle et al. 2015). Contagious yawning has
been observed in non-humans, and is typically associated with that species’ social abilities
(Demuru and Palagi 2012; Gallup et al. 2015; Madsen et al. 2013; Palagi et al. 2009;
Romero et al. 2014). While there are other explanations that are possible alternatives to
‘contagion’ (Yoon and Tennie 2010), we will not further discuss these alternatives, as we
intend to explore the status quo explanation: contagion.
So how seriously shouldwe take the observation that yawns are contagious? Certainly, in
groups, humans yawn. Not only do we see a temporal and spatial relation between yawning
individuals, but we have an easily identified subjective experience associated with our own
personal need to yawn in response to others. And yet in an abstract sense, much like the
incorrect observations associated with the hot-hand fallacy (that basket-ball shooters have
streaky performance which predicts future behaviour; Burns and Corpus 2004; Gilovich
et al. 1985), the observation that yawning is contagiousmay have arisen as a consequence of
our tendency to see patterns and causation where none exists, to misinterpret the clumpiness
of randomness as something else. That is, the observation of contagion in groups is a
perceptualmisunderstanding of randomness, and is a phantom-signal in the noise.While at a
personal level, confirmation bias, in which situations that conform to our expectations are
salient and memorable while those that fail to are not, could easily (and erroneously) lend
weight to the claim that yawns are contagious. Human yawning is associated with the time
of day (Zilli et al. 2007), fatigue or boredom (Baenninger and Greco 1991; Provine and
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Hamernik 1986), various medical or psychological afflictions (Daquin et al. 2001;
Walusinkski 2009), the temperature of one’s brain (Gallup 2011; Gallup and Gallup 2008;
Shoup-Knox et al. 2010) and, in experimental contexts, whether or not one is being observed
(Baenninger and Greco 1991; Gallup et al. 2016). Indeed, when one’s intent is to observe
yawn contagion it is famously difficult; Baenninger and Greco (1991) wrote Bin our
laboratory we have consistently failed to find contagion of yawning when subjects are
being openly observed^ (pp. 454; that yawns are difficult to observe openly under laboratory
conditions - for any researcher - should give pause for concern: for it is the opposite of our
everyday experiences and observations – contagious yawns are almost always made or seen
when being ‘openly observed’ in communal places).
Human children yawn, but do not appear to do so contagiously until about the age of
5 or 6 (Anderson and Meno 2010; likewise in chimpanzees, Madsen et al. 2013), and as
age increases in adulthood, the likelihood of catching a yawn decreases (Bartholomew
and Cirulli 2014). Considering all the apparent boundary conditions associated with the
production of both spontaneous and contagious yawning, it may be that the null
hypothesis has not been considered seriously enough. Yawns are primarily only
measured in the lab, under constrained circumstances after exposing participants to
minutes of stimuli. Their co-occurrence in naturalistic settings is contingent upon a
range of factors, all of which can produce an apparent sensation of contagion, despite
the fact that logic (and statistics) suggest that even if yawns weren’t contagious, they
may appear as if they were.
Independent of this, there is also a problem with analysis which could lead to an
over-estimation of how likely yawns are to occur, and what the typical latency of
contagion is. Amidst an increasingly vocal cry for more rigour in statistical and
experimental processes in the social sciences (Gelman and Loken 2013; Simonsohn
et al. 2014a; Simonsohn et al. 2014b), there are indications that measures don’t
adequately handle Type-I error, or rule-of-thumb type heuristics are applied to intui-
tively handle the error. For example, as recently as last year, Gallup et al. (2016) wrote:
BSince the rate of spontaneous yawning is quite infrequent, and studies have demon-
strated that participants yawn much more frequently when watching a video stimulus
depicting yawns compared to control stimuli, we can be confident that the vast majority
of yawns reported in the current experiment were contagious [rather than
spontaneous]^ (pp. 3), and Norscia et al. (2016) that: B…we recorded yawn responses
within a 3 min (sic) time window, thus reducing the probability of mistakenly coding
spontaneous yawns as yawn responses^ (pp. 3; emphasis added). Miscategorization of
noise as signal, even within a conservative window, falsely inflates reported rates of
focal behaviour. Even in studies where yawns are observed in control conditions, no
attempt is made to use this information to inform the accuracy of the observations in
test conditions. It is not enough to simply say that the treatment condition produced
more yawns than the control, since the control produced yawns at a rate above 0. How
many yawns in the treatment condition, then, were the product of the stimuli, and how
many would have been produced independent of the stimuli?.1 The rate of Type-1 error
1 Conversely, one could ask whether the control condition (say, listening to someone breathing ordinarily) also
‘releases’ yawns, but to a lesser extent? There is an additional line of enquiry rarely examined which involves
the contagiousness of the control stimuli: if researchers conduct t-tests on instances of yawning between
conditions, ought they not also run the same analysis comparing the number of control condition-specific
behaviors elicited between conditions?
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should be a serious concern, particularly since methods vary widely. Some studies
categorize as contagious any yawn that occurs up to 5-min after a trigger yawn
(Madsen et al. 2013; Palagi et al. 2009; Provine 1986), some limit this to 3-min
(Demuru and Palagi 2012; Norscia et al. 2016; Norscia and Palagi 2011) and some
do not report at all the window in which they consider a yawn spontaneous or
contagious (Bartholomew and Cirulli 2014; Platek et al. 2003). Moreover, some
authors exclude yawns that occur in the appropriate window of time if they cannot
directly attribute it to a single trigger (thus systematically biasing latency measurements
and ignoring base-rates; Demuru and Palagi 2012; Norscia et al. 2016; Norscia and
Palagi 2011). Independent of this, the difficulty of observing contagious yawns in the
wild has led researchers to employ extreme induction methods in the lab. Many studies
expose participants to literally minutes of continuous yawning on various media
(Bartholomew and Cirulli 2014; Gallup et al. 2016; Madsen et al. 2013; Massen
et al. 2015; O’Hara and Reeve 2011; Provine 1986, 1989). Taken together, the
measurement and analyses of contagious yawns is far removed from the conditions
under which most people believe contagious yawns occur – i.e., when being openly
observed among others, after only a brief exposure, and with only a brief latency (see:
Results).
One possible solution in the management of these kinds of errors is the use of Agent-
Based Modelling (ABM). Agent-Based Models simulate interacting agents according
to given rules of conduct. In so doing complicated emergent phenomena can be
observed and measured. The ‘Game of Life’, and cellular automata more generally,
are excellent and historic examples of this approach (Gardner 1970). An
additional benefit of using models to understand social phenomena is that the
building of such models requires the model’s author to make explicit assump-
tions that may be hidden using natural language (Marewski and Olsson 2009).
For example, spontaneous yawns are produced according to a number of
factors, but how frequently do they occur? If I were to observe two ‘trigger’
yawns in quick succession, am I more likely to yawn contagiously than if I
only observed one? What about 3, or 12, or 99? Does a trigger yawn leave a
‘trace’ such that I am more likely to contagiously yawn again within a certain
time span, and if so, at what rate does the trace degrade? Am I likely to
respond to a trigger at a diminishing linear rate, or is the relationship curved?
ABM’s allow the easy exploration of these questions, as well as management of
Type-1 error.
This paper describes one such model (publicly available [upon publication]), which
will address various questions: How contagious are yawns? For how long is it
appropriate to consider a spontaneous yawn a ‘trigger’? And how often do we
miscategorise a spontaneous yawn (which necessarily must occur at a base frequency)
as a contagious yawn? We also seriously examine the null hypothesis: if yawns are not
contagious, might it still look as if they were? The model is first presented along with
data it produces based on hypothetical input. Second, we present a behavioural study
closely matched to the model’s design, in order to ground the input and output
variables. Finally, the results are presented by matching real data (from the behavioural
experiment) to the agent-based model in order to address (and resolve) empirical and
theoretical questions associated with the topic of contagious yawning (with both pre-
registered and exploratory analyses).
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Methods: the Model
The model is a cellular automata; a virtual world populated with agents who
either yawn, or do not yawn. It is moderately analogous to a group of people
sitting quietly in a room waiting for an appointment, passengers on a bus, or
students in a classroom. Time proceeds in discrete units (equivalent to 1-min
blocks), and the agents are given a base-rate probability of yawning in any
given minute (e.g., 1%). If the random-number generator generates a number
below the base-rate, the agent yawns (turns red; see Fig. 1). If an agent is
adjacent to a yawning agent within a fixed range (i.e., if an agent can ‘see’
another agent yawn), the likelihood of yawning increases above base-rate (i.e.,
there is contagion; e.g., the increased likelihood might now be 2%). If the
random number resolving yawns is less than the increased base-rate, but greater
than the true base-rate (somewhere between 1% - 2%, for example), the yawn
is considered contagious (and is highlighted by a yellow square). If the random
number is less than the base-rate, then it can be assumed (probabilistically over
the course of time) that the yawn was a spontaneous yawn, but only appears to
be contagious by way of temporal and spatial proximity (hereafter referred to as an
‘incidental yawn’). For a more comprehensive description of the model see the supple-
mentary material.
Fig. 1 Example of visual output of the Yawn Contagion Model. Note: Blue agents are agents who are not
yawning. Red agents are yawning (1). Agents surrounded by yellow are agents who are contagious yawning as
a result of another agent yawning in the very same ‘minute’ (2) or during a previous ‘minute’ (according to the
latency settings; 4). Agents with a white background are agents who are spontaneously yawning in proximity
to a preceding yawn in the very same ‘minute’ (2) or during a previous ‘minute’ (3) - these would ordinarily be
counted as a contagious yawns, when they are in fact ‘incidental’. This world wraps horizontally and
vertically, such that agents on the left threshold are functionally adjacent to agents on the right, and the agents
on the top are adjacent to agents on the bottom
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Model Data
In order to demonstrate how the model works, the data it produces, and the
potential extent of the operational problems in the yawning literature, we
generated some data based on hypothetical input values. We assumed all agents
were able to ‘see’ 8 other agents (this number was chosen arbitrarily, though
given that the model acts without error, the number of visible agents is
inconsequential. i.e., the model has ‘perfect power’ to observe the effect).
The simulation was run assuming yawns were contagious, and again assuming
they were not. We ran our model using 3 yawn-latencies (1-min, 3-min, and 5-
min) over a total of 120 simulated minutes in order to determine the accuracy
of [behavioral] coding methods employed. The simulation was run 25 times for
each set of values. Results are described in Tables 1 and 2. Given this is
hypothetical data, so for the sake simplicity and interpretation, we have set the
base rate of yawns occurring to once-per-hour.
If we accept the extreme null hypothesis (that yawns are not contagious, and the
appearance of contagion is an illusion), and assuming a 1-min latency, then 12.10% of
all yawns would be incidental, but would otherwise be incorrectly categorized as
contagious. This value explodes to 47.87% if we assume yawns are contagious for
5 min. Thus, much like the previously mentioned apparent hot-hand effect, the
observation that yawns are contagious can easily be made in error – yawns may look
contagious, even when they are not.
If yawns are contagious (as the evidence suggests) then the true rate of contagious
yawning (at 1 min latency) is 33.20%, with an additional 12.10% of all yawns
identified as incidental (and miscategorised as contagious). With a 5-min latency we
are wrong more often than we are right, with 41.87% of yawns being incidental and
only 33.25% being contagious. Critically, if yawns are actually contagious for 1 min,
but we incorrectly assume that yawns are contagious for longer, then these values
balloon. If we assume yawns are contagious for longer than they really are, then the true
rate of contagion stays constant at around 1/3rd (as per Table 2), but the proportion of
incidental yawns increases from a true rate 12.38% to 30.19% (for a 3-min latency) and
to 41.74% (for a 5-min latency). Note that these values are very similar to the values in
Table 2, but are theoretically different – the data in Table 3 do not allow for [true]
contagious yawns to cause other contagious yawns (whereas this relationship is
possible in Table 2).
Table 1 Simulated Data in which yawns are not contagious and occur ‘once per hour’ (chance per tick =
.0166) over 120-simulated-minutes (simulated 25 times)
Mean
incidental
Mean
contagious
Mean
spontaneous
Mean Total Percent
incidental
Percent
spontaneous
Latency 1 267.56 (16.30) 0 1903.32 2170.88 (47.05) 12.32% 87.68%
Latency 3 715.80 (35.78) 0 1470.64 2186.44 (52.07) 32.74% 67.26%
Latency 5 1041.16 (46.87) 0 1133.84 1275.00 (57.33) 47.87% 52.13%
Spontaneous values have been calculated by subtracting incidental and contagious yawns from total yawns.
This is why there is no Standard Deviation
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Discussion
While it is the case that the values derived were based on the hypothetical value of 1-yawn-
per-hour, it would not matter whether we used 1-, 10-, or 100-yawns-per-hour, as the pattern
of output would be functionally equivalent. To the best of our knowledge, no such estimate
exists regarding how contagious a yawn is (i.e., to what extent a trigger influences yawn
production above base-rates in those who observe it), and has been chosen conservatively.
These data demonstrate two things: First, even if yawns are contagious, Type-1 error is still a
serious problem. Second, the null hypothesis needs to be taken seriously – it remains entirely
possible that the phenomenon of contagious yawning, as observed since antiquity, is illusory.
While this may not be the case, the fact this has not been acknowledged suggests a failure in
our empirical practices. The following behavioral experiment replicates, as best as possible,
an ecologically valid environment in which contagious group yawns occur, in order to
produce data to feed into the model.
Methods: the Behavioral Experiment
Participants
Undergraduate students (N = 79) at a large Australian University made up the final data
set, and participated in a total of 16 sessions (on average, 4.94 students per group
Table 2 Simulation Data in which yawns occur ‘once per hour’ (chance per tick = .0166) over 120-
simulated-minutes (simulated 25 times). Yawns increase the likelihood of subsequent yawns by a factor of 1.5
Mean
incidental
Mean
contagious
Mean
spontaneous
Mean total Percent
incidental
Percent
spontaneous
Percent
contagious
Latency 1 392.24
(22.55)
1076.84
(27.64)
1774.24 3243.32
(50.10)
12.10% 54.70% 33.20%
Latency 3 982.4
(36.53)
1084.96
(32.84)
1197.88 3265.24
(42.43)
30.09% 36.69% 33.23%
Latency 5 1360.12
(42.23)
1082.40
(31.07)
813.08 3255.60
(55.19)
41.78% 24.97% 33.25%
Spontaneous values have been calculated by subtracting incidental and contagious yawns from total yawns.
This is why there is no Standard Deviation
Table 3 Hypothetical Data in which yawns occur ‘once per hour’ (Base-Rate = 1.666) over 120-simulated-
minutes (simulated 25 times). Yawns increase the likelihood of subsequent yawns by a factor of 1.5 only in for
a 1-min latency. Data assumes a latency of 3- and 5-min
Mean
incidental
Mean
contagious
Mean
spontaneous
Mean
total
Percent
incidental
Percent
spontaneous
Percent
contagious
Incident Latency 3 988.68
(29.77)
1092.12
(34.32)
1193.801 3274.6
(63.03)
30.19% 36.46% 33.35%
Incident Latency 5 1362.88
(47.53)
1088.64
(35.63)
813.081 3264.60
(47.00)
41.74% 24.91% 33.35%
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session). The sample contained 61 women (77.2%) with a reported age range between
17 and 29 years (mean = 19.65, SD = 2.38). Participants received credit in exchange for
their time. Data from two additional sessions, which included a total of 10 participants,
were excluded from analyses due to disruptive behaviour from one participant in each
session, respectively. Of the 16 sessions that were analysed, 10 sessions were conduct-
ed in the morning, and 6 were conducted in the afternoon. All participants were
verbally briefed, and written consent was obtained prior to participation. Participants
indicted in writing whether their video data could be made public.
Experimental Design and Protocol
This was a within-subjects design with two levels of one factor. Participants sat
listening to an audio programme on their personal devices while wearing a blind-fold,
or not wearing a blind-fold. Participants arrived at a pre-specified time, and were tested
as a group. A total of 16 groups were tested. On average, each group had 4.94 members
(with a mode and max of 6, and a single minimum of 3). Upon arrival participants were
asked to sit in chairs arranged around a table facing inwards (thus, each participant
could potentially see all others when not wearing a blind-fold). They were told they
would be asked to remain seated for the duration of the experiment. Then they were
asked to listen to Chopin’s Complete Nocturnes using earphones on their personal
electronic devices (iPhones, Androids, etc.). This was done for two reasons: first, in the
event that someone yawned during the blind-fold condition the music/earphones
prevented them from hearing it (which has been shown to elicit a contagious yawn;
Massen et al. 2015), and second, participants interest levels were kept relatively
constant. The order of blind and non-blind conditions was counterbalanced over testing
sessions (7 groups were blind-folded in the first session, 9 groups were blind-folded in
the second). After 25 min of the first session participants were asked to either remove or
don their blindfolds, depending on condition. At the completion of the testing session
participants filled out a brief survey assessing to what extent they found the music
interesting, how sleepy they were, their recollection of whether they yawned in the
preceding hour, and self-report measures of their own tendency to yawn contagiously
(see Supplementary Material for full list of measures)
While evidence shows that being observed moderates the rate of yawning, partici-
pants were informed (in the written brief sheet) that they were being filmed. Two
cameras were placed inconspicuously in the testing room. The experimenter sat at a
remove from the group, facing a wall. At no point prior to the survey was any cue given
that the experiment was about yawning (i.e., the experimenter did not yawn, and the
recruiting and briefing process gave no indication as to the research topic).
Behavioral Coding
The lead author coded the behaviour of all participants based on the video data
(available in full online at [available upon publication or request]. Each time a
participant yawned it was counted and time-stamped. A second blind researcher coded
the dataset in it’s entirety. Reliability was extremely high in both session (First Session
alpha = .980, Second session alpha = .959).
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Pre-Registered Analyses and Results
The following pre-registered analyses and predictions were made: Analyses 1 (A1) and
2 (A2), respectively, are t-tests between ‘interest’ in both session 1 and 2, as well as on
‘boredom’. Analysis 3 (A3) is a t-test between non-blind yawns in session 1 and 2, and
Analysis 4 (A4) is a t-test between blind yawns in session 1 and 2. Analysis 5 (A5) was
a t-test on all yawns in session 1 and session 2 (ignoring condition information).
Analysis 6 (A6) was a t-test of yawns-per-minute between blind and non-blind
conditions. Descriptive statistics are presented based on self-report measures.
All the following questions were answered at the completion of both sessions. On
two separate 10-point scales (where 1 was ‘Not bored/interested’, 10 was ‘Very bored/
interested’, and 5 being ‘moderately bored/interested’), paired-samples t-tests revealed
that participants thought the first session was more interesting (M = 4.83, SD 2.24) than
the second (M = 4.22, SD = 2.33), t(77) = 2.242, p = .028 (A1). Reflecting this, the
second session was more boring (M = 6.35, SD = 2.51) than the first (M = 5.28,
SD = 2.33), t(77) = 3.332, p = .001 (A2).
To determine whether counter-balancing worked, we aggregated all yawns from all
individuals into bins of one-minute. There was no significant difference between the
average number of yawns produced per minute in Session 1 (M = .033, SD = .10) and
Session 2 (M = .048, SD = .09), t(78) = .969, p = .336 (A5). We found there was no
difference in the mean number of yawns-per-minute when participants were blind-
folded in Session 1 (M = .15, SD = .54) compared to Session 2 (M = .40, SD = .84),
t(66.70) = 1.552, p = .125 (A4). There was, however, a difference in the mean number
of yawns per minute when participants were able to see one another in Session 1
(M = .90, SD = 1.58), compared to Session 2 (M = 2.03, SD = 2.95), t(57.85) = 2.105,
p = .04 (A3), such that participants who saw each other in Session 2 (rather than
Session 1) yawned more frequently (discussed further in ‘Non-registered analyses and
results’).
Overall, we found that when participants were blind-folded they produced a mean of
.011 yawns-per-minute (SD = .03), or .667 yawns-per-hour; when not blind-folded,
participants produced a mean of .058 yawns-per-minute (SD = .10), or 3.48 yawns-per-
hour, and this difference was significant, t(78) = 4.60, p < .001 (A6). Figure 2 shows
the total number of yawns per minute for each condition.
We also tested assumptions of the literature against beliefs of the participants. Seven
of 79 people (8.9%) reported that yawns were not contagious; all others reported they
were contagious. When asked BHow likely are you to yawn if you see someone [else]
yawn?^, participants responded that they were, on average, 100.13% more likely to
yawn (i.e., twice as likely; SD = 342.15). On average, participants believed that they
would yawn in response to a trigger yawn typically after 29.84 s (SD = 34.66 s), and
that the cut-off for someone being able to ‘catch’ a yawn was, on average, 112.16 s (less
than 2 min; SD = 171.02 s). When blindfolded, a total of 67 of 79 (84.8%) did not
yawn at all, and when not wearing a blind-fold, a total of 46 of 79 (58.2%) of
participants did not yawn at all. Figure 2 shows the frequency of yawns. Of the 38
people who yawned at least once during the experiment, only 8 (21.05%) claimed that
during the experiment at least one of their yawns was ‘caught’ from someone else.
When asked to remember how many yawns they produced during the experiment, the
difference between their estimate (M = 2.17, SD = 2.72) was not significantly different
142 Adaptive Human Behavior and Physiology (2017) 3:134–155
from an objective count (M = 1.96, SD = 3.45), t(77) = .574, p = .567. There was no
systematic pattern of correlations between any of these values (as well as boredom and
interest) with total number yawns produced overall, or in specific sessions.
Non-registered Analyses and Results
Determining that people yawn more frequently in the non-blind condition than the
blind condition does not necessarily indicate contagion. It may simply mean the
environment is conducive to frequent yawning. We conducted an autocorrelation to
determine whether the presence of a yawn at Time-N is correlated at Time-(N + x),
where x is increasing units of time. In the blind condition, we found that yawning at T0
did not correlate with/predict yawns at any other time point (Fig. 3a). We found a
number of auto-correlations in the non-blind condition, but not at intuitive time-lags,
although the overall trend is self-evident (Fig. 3b).
As suggested by prior analyses, we tested for an interaction to confirm the finding
that the likelihood of contagiously yawning increases when participants were able to
see each other in the second phase of the experiment. Corroborating our pre-registered
analyses, we found no main effect of order in which participants wore a blind-fold on
yawns-per-minute, F(1) = 2.517, p = .115. As with our prior analyses, we found a main
effect of wearing a blind-fold, F(1) = 18.306, p < .001. As suggested by our manip-
ulation checks, we found a significant interaction, F(1) = 6.124, p = .014. Looking at
mean yawns-per-minute, this interaction reveals that participants who could see each
other in the second session (M = .081, SD = .118) yawned more than those who could
see each other in the first session (M = .036, SD = .063; See Fig. 4).
To produce comparable data to other experiments, we used the standard protocol of
identifying trigger yawns and counting all subsequent yawns. Specifically, we followed
and modified the protocol of Demuru and Palagi (2012) as they outline the protocol
Fig. 2 Total Yawns occurring per each minute
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most clearly, and have a similar dataset. The criteria were modified because, while the
original criteria were applicable in the blind-condition (in which the yawn frequency
was low), they resulted in too many omissions in the non-blind condition to provide
representative results (original criteria in italics). The criteria are as follows:
& A trigger yawn is any yawn that occurs, and which precedes another yawn from
another person, within the specified latency, and which itself was not triggered; A
contagious yawn is any yawn that occurred subsequent to a trigger yawn within the
specified latency. Contagious yawns are only counted once, even if they could have
multiple triggers; If a contagious yawn resulted in another person yawning subse-
quently, it is also considered a trigger yawn; A Spontaneous yawn is a yawn that is
Fig. 3 a and b Auto-correlations of yawns at increasing time-lags. * < .05
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neither a trigger yawn, nor a contagious yawn. An individual who, for example,
yawns 4 times in 4 min, but does not arouse another to yawn, has produced 4
spontaneous yawns; If two people yawned at time x, and another person yawned at
time (x + latency), then the first two yawns were both considered triggers.
We found that within the non-blind condition the number of ‘contagious yawns’
more than doubles if the latency is increased from 1-min to 5-min (from 28.7% to
60.0%). The same method of attributing contagion in the blind condition suggests that
4.45% of yawns are contagious at 1-min (when actually they can only be incidental),
and more-than-doubles to 13.64% at 5-min – a number which simply cannot reflect
reality. See Table 4 for all values.
An alternative question to ask is ‘how often do untriggered yawns trigger someone
else to yawn?’. That is, what proportion of yawns that are not caused by other yawns
(i.e., all spontaneous and all trigger yawns, as per Table 4) appeared to cause another to
yawn within the specified latency? Table 5 shows this value, where the absolute
number of trigger yawns has been modified by half the value of the overlap column
in order to prevent falsely inflating the result. Here, we find a similar, but more extreme,
Fig. 4 An interaction between wearing a blind fold, and order in which a blind fold is worn
Table 4 Categorization of yawns based on experimental data
Latency Spontaneous Trigger Contagious Trig / Cont
Yawns Yawns Yawns Overlap
Non-Blind 1-Minute 56 (48.70%) 36 (31.30%) 33 (28.70%) 10
N = 115 yawns 3-Minute 29 (25.22%) 58 (50.43%) 59 (51.31%) 31
5-Minute 19 (16.52%) 73 (63.48%) 69 (60.00%) 46
Blind 1-Minute 20 (90.91%) 1 (4.55%) 1 (4.55%) 0
N = 22 3-Minute 17 (77.27%) 4 (18.18%) 2 (9.09%) 1
yawns 5-Minute 16 (72.72%) 5 (22.72%) 3 (13.64%) 2
Totals of Spontaneous, Trigger, contagious yawns do not necessarily sum to 100% as there is overlap between
trigger and contagious yawns. The absolute number of yawns that were double counted is listed in the
‘overlap’ column
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pattern of results. This method of counting demonstrates the discrepancy between
erroneously assuming causation (as revealed by the rates in the blind condition), and
the rates arrived at when causation is in principle possible.
Similar to the data presented in Tables 4 and 5 shows that within the non-blind
condition the number of ‘trigger yawns’ more than doubles if the latency is increased
from 1-min to 5-min (from 35.63%% to 72.46%). The same method of attributing
triggers in the blind condition suggests that 4.76% of yawns are triggered within 1-min
(when actually they can only be incidental), and more-than-quadruples to 20.00% at 5-
min – again, this is a number which simply cannot reflect reality.
Analyses as a Result of Peer-Review
As familiarity and time of testing can impact contagious yawning, we also evaluated
whether the extent participants knew each other and session time was associated with
yawning patterns.
Across a total of 79 participants, only 13 reported they had friends in the same
testing session. Of the 16 sessions, 10 were conducted in the morning (beginning at
either 1000 or 1030 h) and 6 in the afternoon (beginning at 1500 or 1600 h). In order to
determine the influence of these factors on the number of yawns produced by individ-
uals, a MANOVA was performed, in which total number of yawns produced when
Blind and Non-Blind was (were) the dependent variable(s), and the binary values of
‘friends present’, and ‘time of day’ were entered as a random variable. When Blind, the
influence of friends was non-significant F(1) = .380, p = .539, as was the influence of
time of day, F(1) = .000, p = .985. When Non-Blind, the influence of friends was non-
significant, F(1) = .000, p = .992, as was the influence of time of day, F(1) = .224,
p = .637. We thus find no evidence that the presence of friends, or the time of day,
influenced the total number of yawns individuals produced in either condition.
We conducted a reliability analysis within yawners between blind and non-blind
conditions, which produced an alpha = .308. Descriptively, of 12 people who yawned
at least once in the blind condition, all but 3 yawned again in the non-blind condition.
Of the 67 participants who produced no yawns in the blind condition, a total of 24
produced yawns in the non-blind condition. A total of 43 (of 79) participants produced
Table 5 The percentage of yawns that ‘cause’ subsequent yawns
Latency Spontaneous Yawns Trigger Yawns* Proportion of
causal yawns
Non-Blind N = 115 yawns 1-Minute 56 (48.70%) 31 (26.96%) 35.63%
3-Minute 29 (25.22%) 42.5 (36.96%) 52.15%
5-Minute 19 (16.52%) 50 (43.48%) 72.46%
Blind N = 22 yawns 1-Minute 20 (90.91%) 1 (4.55%) 4.76%
3-Minute 17 (77.27%) 3.5 (15.91%) 17.07%
5-Minute 16 (72.72%) 4 (18.18%) 20.00%
*Trigger yawns have been down-modified by half the value of the overlap column from Table 4
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no yawns in either condition. Using an a priori method of power analyses, with n1 = 39
and n2 = 40, we had 80% power to detect an effect of size d = .64.
Discussion
Data from the blind-folded session revealed that participants produced, on average,
two-thirds a yawn per hour, a rate comparable to the rates reported by Baenninger and
Greco (1991) (in their control conditions in experiment 1) and Zilli et al. (2007). When
participants could see each other, they produced considerably more yawns (about 3.5
yawns per hour, or one yawn every 15–20 min), particularly when they could see each
other in the second session rather than the first. This can most easily be seen in Fig. 4.
We found no pattern of auto-correlations when participants were blind-folded, indicat-
ing that a trigger yawn at T0 does not predict subsequent yawns after any amount of
time (as expected, given that ‘contagion’ was not possible). When participants could
see each other, we found an odd pattern of auto-correlations. The literature to date
suggests that yawns are contagious for up to 5-min, and that yawns are more contagious
at low latencies than high latencies (Norscia and Palagi 2011). The auto-correlations
here suggest that a trigger at T0 positively predicts yawns at 4-min (r = .38) and 5-min
(r = .12). It seems somewhat absurd that yawns are only contagious after 4 min, and not
at all contagious in the first 3 min; this is neither supported by the literature, nor do the
majority of participants believe it (whom, we assume, are representative). In investi-
gating this pattern of results, we observed that over 95% of all yawns produced by
individuals occurred within a 5-min window of another of their own yawns – that is,
participants who yawned tended to yawn in clusters within a 5-min window, and nearly
all yawns observed conformed to this pattern. It seems likely that the pattern of
autocorrelations indicates that after yawning once, people are likely to yawn again 4
to 5 min later. If this interpretation is correct, then the fact that the autocorrelation
identified it, but failed to identify an autocorrelation at shorter latencies, suggests that
yawns are simply not contagious in the way they are commonly believed to be.
Given that yawns increase over-time, more so when we can see other people, and
that the presence of a yawn at any given moment does not reliably or intuitively
produce a yawn at subsequent brief latencies, we are forced to conclude that the
influence of another person’s single yawn on one’s own likelihood to yawn is, at best,
trivial. It is clear from this data that shared environmental factors and the saliency of the
social situation, as well as individual differences in yawn-production, are vastly more
accountable for the apparent phenomenon of yawn contagion. It also explains the
apparent requirement of the literature to saturate participants with minutes of
yawning-stimulus in order to elicit the effect, and to maintain a very liberal window
in which yawns are considered contagious.
While there is empirical evidence that familiarity and time of day influence the
frequency of yawn production, our behavioral experiment did not find this. It is
important to note in this context that our experiment was not designed to examine
these relationships (indeed, we recruited as randomly as we could) and the difference in
time between morning and afternoon session (between approximately 1000 h, and
1500 h) was not particularly wide. A richer interpretation may nevertheless hold: if
yawns are not contagious, then retreating into a myriad moderators and mediators is
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akin to fishing for significance. Alternatively, if it is the case that time of day and the
quality of social relationships impact on the production of contagious yawns (which we
do not challenge here), then our failure to observe it may suggest the effect is not as
large as implied by the prevailing literature, and additional work needs to be conducted
in order to quantify it. We suggest that the use of additional and increasingly sophis-
ticated methodological tools could address this; standard between-participants test/
control designs may not be sufficient to capture the true nature of the relationship.
Here, we hope to have demonstrated that various assumptions of the purported effect
need to be addressed before demarcating how the effect varies under specific
conditions.
One criticism of the behavioral manipulation is that there was no control over how
often, and how totally, each participant could observe all other participants. While it
may be possible to retrospectively examine this, we suggest it is not necessary (though
the videos are made publicly available on the Open Science Framework should others
wish to pursue it). The room(s) in which participants completed the task were - as much
as possible - devoid of other stimuli. The blinds on the windows were closed, the tables
were cleared, phones and laptops were face down or turned off, and all paper was
turned face down. We attempted to keep interest and boredom approximately equal for
all participants (by way of the audio stimuli). It is possible that some participants spent
some of the time looking at the floor, or avoided eye contact. But we point to the clear
difference in yawn production to alleviate this concern – people yawned more fre-
quently when they were able to see each other than when they could not. If those who
support the claim that yawns are contagious accept this observation as true, but doubt
the values obtained because participants weren’t required to stare at each other, then the
burden of evidence is on them to explain this alternative mechanism of social yawn
production: not only are yawns contagious, but yawns are also produced more fre-
quently in a non-contagious manner in the presence of humans they can see, but choose
not to. Let us once again appeal to the contexts in which we find ourselves apparently
susceptible to contagious yawns: When sitting on a bus, in a waiting room, in a lecture
theatre, or sitting in a café, we are able to see some finite number of others in our
environment, a value that varies of time, and should we spy another yawning, we may
ourselves produce a yawn in response. Certainly we may miss some yawns produced
by others, but not all. In this way we believe the current experiment is, for a controlled
experimental situation, sufficiently ecologically valid.
Regarding the observation that participants yawn more frequently when they can see
each other after being blind-folded than before, a lean interpretation (favoured by the
authors) is that yawns tend to increase over time (at least over the duration of the
present experiment). We accept that people yawn more often when they can see each
other, and so we simply suggest (a hypothetical) interaction between time (possibly a
consequence of boredom, which also increased between session 1 and 2) and awareness
of others. An alternative is that the state-change associated with the introduction of
light, produced increased cortical arousal, which in turn, produced a greater number of
spontaneous yawns (Seki et al. 2003). However, given that there was a main effect
associated with being un-blinded, one that was not easily described by an auto-
correlation, we chose not pursue this difference further (since the implication on
contagious yawning are unclear – does either explanation lead to greater susceptibility
to contagion?). This may also explain the observation of a greater number of
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spontaneous yawns with a 1-min latency were observed in the non-blind condition
relative to the blind condition (despite counter-balancing the order of these conditions).
The reasons such an observation is interesting is that, with a low latency, there ought to
be fewer yawns attributable to contagion, thus, a high value here might indicate
contagion exists and spontaneous yawns are being incorrectly defined as such. There
are three possible explanations for this observation. First – and as described above - we
simply produce more yawns in social contexts (i.e., when we can see others) than in
non-social contexts. Second, this difference is due to the fact that yawns are contagious,
but at latencies greater than accounted for in the data (i.e., at latencies greater than five
minutes). We find this second explanation unlikely, since the autocorrelation reveals a
negative relationship after six-minutes, and this explanation does not shed any light on
the observation regarding the greater number of yawns when the non-blind condition
came after the first. Third, yawns are contagious, but for whatever reason the autocor-
relation failed to detect this relationship. We do not think this third explanation is
particularly parsimonious, but a more highly-powered replication with the given
methodology might provide support for this position. However, we do not think this
is the case, and generally favour the first explanation: That is, we produce more yawns
in social contexts, even though yawns themselves may not cause additional yawns in
others.
A final criticism (raised in the peer review process) is that the rate of 3.5 yawns per
hour observed in the unblinded condition is greater than is typically observed and
reported, and as such, calls into question the ecological validity of our study. The
number of yawns per hour found here may be unprecedented by virtue of the fact that
no published experimental study (to the best of our knowledge) has replicated the
conditions of the ‘waiting room’ (or the bus, or other similar environments). If our
participants were left to freely interact with each other, or distract themselves with their
phones (for example), our observed rates almost certainly would have been lower and
hence more similar to rates reported in non-experimental observational studies where
the actions of participants are left to vary in unconstrained and unreported ways.
Instead, we argue that our results are ecologically valid and apply to a set of environ-
mental conditions experienced frequently and, rather than being dismissed as unrepre-
sentative, should be regarded as providing additional perspective on this complicated
issue.
Fitting the Data to the Model
The mean number of participants per group in the behavioural experiment was 4.94,
who, when they could see each other, yawned at a rate of .0582 yawns-per-minute (or
3.492 yawns-per-hour). Since it is not common for individuals to consider themselves
in the number of people they observe, the model was set so that each agent could see 4
others in their immediate neighbourhood. Because the base-rate of yawns (in the blind
condition) was .011 yawns-per-minute, the base-rate of yawns was set such that agents
have a 1.111% chance of yawning on any given tick. There were 1089 agents in the
model, each with a 1.111% of yawning in any given minute, over a period of 2-h: thus,
we would expect to observe 1452.72 yawns in total. We observed, over 75 independent
runs, a mean of 1459.56 (SD = 38.50).
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As can be seen in Table 6, the simulation data of the blind condition matches very
well at 1-min latency. The higher values at greater latencies in simulation data simply
reflect the increased power of the model; the behavioural experiment generated far less
data, and so likely is an underestimate of the population mean. Additionally, in our 25
simulations all agents could always see 4-other agents (i.e., agents were in groups of 5),
in the behavioural experiment, this value varied between 3 and 6.
Despite the fact that our analyses of behavioural data suggest that yawns are not
contagious, there was a difference between groups. One experiment alone cannot under-
mine the claim that yawns are contagious, and so we will optimize the model on the
assumption that the increase in yawns is due to contagion, and not due to other factors
(such as those previously described). The process of optimization is simple: At a base-rate
of .667 yawns-per-hour, we expected (and observed) that 1089 agents should produce
1452.73 yawns over the 2-h period. When participants in the behavioural experiment
could see each other, they produced 3.492 yawns-per-hour, and so we ought to expect to
see 7605.576 yawns. Thus, we simply searched through parameters to find a contagion
value that produced this output without altering any other values. We found, over 25
independent runs, a contagion factor of 2.665 produced a mean number of 7608.64
(SD = 82.33) yawns when yawns were contagious for 1-min; we found a contagion factor
of 2.657 produced a mean number of 7605.80 (SD = 79.77) when yawns were contagious
for 3-min, and a contagion factor of 2.649 produced amean number 7599.88 (SD = 84.85)
when yawns were contagious for 5-min. Table 7 shows the proportion of contagious and
incidental yawns according under these conditions. We observed that, when yawns are
considered contagious at a latency of 1-min, 7.96% of those considered contagious are
actually incidental, at 3-min this value is 19.14%, and at 5-min, the proportion of
incidental yawns miscategorised as contagious is 26.03%.
General Discussion
Do humans in groups yawn in each other’s presence more often than when alone?
Certainly. Our subjective and affective observations suggest so, and both this data and a
history of (somewhat contrived) historic experiments have demonstrated that the
observation of yawns leads to an increase in yawning. Is yawning contagious (does
the observation of a trigger yawn cause one to yawn in response, in an unlearned
Table 6 Mean values of 25 simulations of the Blind condition where the base-rate = .0111 per tick, where
agents can see 4 other agents, with no contagion, over 120-simulated-minutes
Latency Spontaneous
Yawns
Incidental Yawns
(SD)
Total Yawns (SD)
Simulation Data 1-Minute 1344 (95.39%) 64.92 (7.68) (4.61%) 1408.92 (38.94)
3-Minute 1278.68 (87.25%) 179.68 (17.79) (12.75%) 1458.36 (41.55)
5-Minute 1219.48 (79.28%) 291.92 (80.69) (20.72%) 1511.4 (35.00)
Behavioral Data (Blind
Condition)
1-Minute 20 (90.91%) 1 (4.54%) 22
3-Minute 17 (77.27%) 2 (9.09%)
5-Minute 16 (72.72%) 3 (13.64%)
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manner)? Maybe. An auto-correlation (which takes input at one time and correlates it
with input with a time-lag) suggests that yawns are not immediately contagious, and
simultaneously indicates we tend to yawn in clusters (indeed, 95% of all recorded
yawns in the non-blind condition occurred within 5-min of a yawn made by the very
same person). Perhaps more critically though, it is demonstrated here that, even if
yawns were not contagious, it would be an easy and predictable mistake to make to
conclude they were (an important observation, one that has no precedent, and ought to
stand as evidence that the field has a blind-spot). If yawns are contagious (and let’s
assume they are) then it is also the case that we have a long and documented history of
willfully failing to account for the miscategorization of contagious yawns (by failing to
assume that yawns are produced at a base-rate). This has two implications. First, we
have over-estimated the magnitude and meaning of a contagious yawn. Not only do we
often risk calling a spontaneous yawn contagious when it is actually incidental, we also
omit from analyses a variety of data which is too difficult to appropriately categorize.
This has led to the second problem; By using low quality data in our theorizing on the
evolutionary significance of contagious yawns (primarily in Homo), we may have been
doing little more than seeing faces in clouds or reading tea-leaves.
To the extent that assumptions of the model presented here seem insufficient or
unreasonable, we respond that we merely formalized (in a programming language) as-
sumptions extant in the literature. We acknowledge that yawns appear to vary throughout
the day and according to one’s chronotype (Zilli et al. 2007). Further, we acknowledge that
individual differences associated with social awareness or mentalizing also bear upon one’s
tendency to contagiously yawn (Bartholomew and Cirulli 2014; Demuru and Palagi 2012;
Norscia et al. 2016; Norscia and Palagi 2011; Palagi et al. 2009; Platek et al. 2003; Rundle
et al. 2015). We acknowledge that some existing experimental protocols are used to
mitigate the influence of social factors. And yet, we suggest that the appropriate response
to our provocative position is not to appeal to our omission of these factors and dismiss our
claims, but rather, to accept that this simple model can be improved to better account for
these important variables in the future. This model and experiment should be the starting
point in re-examining and attempting to falsify this phenomenon; it is not intended to be a
full-stop on the discussion and conclusive statement that yawns aren’t contagious (or are
with an exact factor of 2.65) – merely that there are assumptions in the literature that need
reconsidering, and a formal re-examining using alternative means (presented herein) is one
appropriate way to proceed.
In examining the ultimate role yawns play, this paper has gone some way in
answering important questions. To what extent is Type-1 error a problem? It is non-
trival. Is there a causal relationship between a trigger and a contagious yawn (more than
can be inferred by ANOVAs)? Maybe; if so, a single observed yawn raises the
likelihood of yawning by a factor of about 2.65. Can this tool be applied to future
yawn research? Absolutely. How seriously have we examined the null hypothesis? Not
seriously enough. Are there a variety of unasked questions which are fundamental in
allowing evolutionary hypothesizing? YES!
In designing a formal model of yawn contagion several important questions arose
which have not been sufficiently addressed in the literature, and which have essentially
been buried by common methodologies: Is the observation of one trigger yawn
differentially more or less influential than the observation of two or more trigger yawns
in the same period? Given the current manner in which yawns are aroused by way of
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minutes of continuous yawn stimuli, this needs to addressed. To what extent does
contagion diminish over time, and what shape does the trace decay over time? Present
assumptions about 3- and 5-min windows assume a flat function that is equally
contagious at each minute after a trigger, but which returns to 0 after an arbitrary
(and a-theoretical) threshold. The present data and model (as well as improved ac-
countability in the future) might better illustrate in what manner yawns are contagious
over time. Why is it so hard to observe a contagious yawn in the wild? Because they
don’t happen that often, and the increase in likelihood above the base-rate is quite
modest (so modest that the observation of a true effect in the wild is likely below our
threshold for being able to detect an effect of the given magnitude). These, and other
questions, need to be answered to improve our understanding of what it means to say
‘yawns are contagious’.
In attempting to resolve and quantify some of these questions, we can now ask more
important questions (that can hopefully resolve current ‘are for’-focused debates). To
the extent that yawns allow evolutionary inference, we can now compare not just their
role, but the magnitude of their influence, to other contagious behaviours. To the extent
that yawns are contagious and informative, are they more so than, say, contagious
itching (Feneran et al. 2013; Schut et al. 2015)? Contagious itching shares many
features with contagious yawning (e.g., deep evolutionary history, associations with
environmental factors, personal history and experience, social-cognitive factors, and
illness; Schut et al. 2015). Indeed it is possible that itching is more contagious than
yawning, and the data presented herein goes halfway to resolving that comparison.
Likewise for whether or not laughter (Provine 2004) or smiles (Dimber et al. 2000;
Surakka and Hietanen 1998), or any other social- and socially-informed behaviour is
more contagious and informative than yawning. Inasmuch as it makes sense to suggest
that yawns are a mechanism for facilitating social synchronization (as one example),
does it make sense to say also that itching serves a similar role? Only better resolution
of these questions (and more clearly quantified comparisons to other contagious /
releasing behaviours) can inform our understanding.
There are several other approaches that can address issues in this literature. As was
the case with this study, pre-registration can go some distance to enhancing experi-
mental transparency, reducing experimenter degrees of freedom, and forking-paths
decisions, and will not only influence what is measured and reported, but what is
published. Second, given the historical precedent that yawning is contagious (dating
back to antiquity) it may be reasonable to infer that the belief that yawns are contagious
(perhaps erroneously arrived at) has spread to such an extent the belief itself - that
yawns are contagious (widely, but not universally held) - accounts for considerable
variance in whether or not yawns are spread within a group (thereafter maintained by
pattern recognition error and confirmation bias). Measuring this as a variable, and
potentially undertaking significant cross-cultural research to establish that evolutionary
theorizing is appropriate, is necessary for advancing the field.
To conclude we make a singular claim: It is time to take more seriously the null
hypothesis (and all this implies) and attempt to falsify our claims. Our own subjective
experience and confidence that yawns are contagious needs to be put aside so that our
methods of induction and attributions of contagious yawns can be appraised for their
appropriateness. Management of type-1 error must be resolved. Other tools for exam-
ining the phenomenon must now be considered in determining how best to answer the
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kinds of questions we’re asking. To that end we make our model publicly available
with instructions, and offer our services in extending the model to account for wide
range of documented correlates and factors associated with contagious yawning. We
hope this will underpin ongoing discussion and resolution of longstanding debates.
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